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Time is the Issue:Time is the Issue:
Get it done RightGet it done Right

the First Time, the First Time, 
On Time On Time 

Average Job Labor Cost Average Job Labor Cost 

•• 1% Material and Component Tracking1% Material and Component Tracking
•• 11--2% Re2% Re--workwork
•• 11--3% “As3% “As--built”  Is “asbuilt”  Is “as--is” = “shouldis” = “should--be”be”

•• Workers today are less productive than Workers today are less productive than 
70 years ago70 years ago

US US 
CONSTRUCTION: CONSTRUCTION: 

99--13% GDP13% GDP

Cost to the Industry: (3 to 6%)*(13%)*(GDP) Cost to the Industry: (3 to 6%)*(13%)*(GDP) ≈≈ $35$35--70(10)70(10)99
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Incidents of 
occupational 
injury for 
construction 
workers – 10% of 
all cases

Worker’s 
compensation 
insurance for 
steelworkers is 
19.3% of wages

Percentage of fatalities in construction industry (building erection) from 
falling is 43%

-J. Ricles, PhD “Next Generation Steel Structures”
-Talk given at Automated Steel Construction Workshop, NIST, June 
2002

The Second Case for 
Automation: Safety



Real-time Project and Facility Management/Coordination & Control

New Materials, Methods, Products & Equipment

Technology and Knowledge Enabled Workforce
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Control 
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Hierarchy for Hierarchy for 
construction construction 
metrology & metrology & 
automation:automation:

RoboticsRobotics

User FeedbackUser Feedback

Computer GraphicsComputer Graphics

DatabasesDatabases

Wireless CommunicationsWireless Communications

RealReal--time Computerstime Computers

Sensors & MetrologySensors & Metrology

NIST has ongoing NIST has ongoing 
research in all research in all 
seven areasseven areas
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Construction Automation REQUIRES Construction Automation REQUIRES ProcessProcess IntegrationIntegration
… and therefore seamless SENSOR integration… and therefore seamless SENSOR integration



Fanning/Rotating Laser

Non-Line-of-Sight Metrology

Emerging Technologies

Total Station GPS/Pseudolite
Site Spatial 
Measurement:
Today and Tomorrow

Fanning Laser
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Some Measurement Sensors/Instruments in 
ConstructionSurveying Instruments

Automatic Compensator Levels
Digital Levels
Laser Levels
Digital Theodolites
Digital Theodolites EDM’s
Total Stations
Pulsed Laser Plummets
Global Positioning System (GPS)

Code
Differential
Phase Differential / RTK
Pseudolites

Coordinate Measuring Lasers

Fanning Lasers
Pulsed laser rangers using LIDAR (Light Detection and Ranging)
Continuous wave laser rangers
Laser Trackers
LADAR (Laser Radar)

State Sensors

AccelerometersAccelerometers
Temperature SensorsTemperature Sensors
Humidity SensorsHumidity Sensors
Pressure SensorsPressure Sensors
Proximity SensorsProximity Sensors

(e.g., ultrasound, capacitance, etc.)(e.g., ultrasound, capacitance, etc.)
Encoders (angular & linear)Encoders (angular & linear)
Displacement SensorsDisplacement Sensors
Force SensorsForce Sensors
Torque SensorsTorque Sensors
Strain SensorsStrain Sensors
Velocity SensorsVelocity Sensors
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1: The LADARS 1: The LADARS 
are Coming…are Coming…



LADARLADAR
InformationInformation

ContentContent

COLORCOLOR
CODEDCODED
RANGERANGE

& LOCATION& LOCATION
“Range“Range
Image”Image”

DIGITALDIGITAL
COLORCOLOR

B&WB&W
RETURNRETURN

INTENSITYINTENSITY
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March 7, 2000



March 9, 2000



E-stop

N

W
21° 18°

Tree

Bush

TreeHigh Resolution Ground Truth Generation 

Real-time Derivative Quantity  Analyses –
e.g. Terrain Traversability

Object Ident and 
Pose Determination

Advanced LADAR applications
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2: Self-Identification is 
Coming:

Bar Codes, RFID Tags, 
Smart Chips, Long-
Range Auto Ident



Comp-TRAK
AutoID
Laser Positioning
Wireless DB 
Access



CompComp--TRAK SystemTRAK System

nn Part ID via bar codePart ID via bar code

nn Pose using Vulcan 3Pose using Vulcan 3--D D 
CMSCMS

nn Portable field computingPortable field computing

nn Interactive web interfacesInteractive web interfaces

nn Project databaseProject database

nn Wireless communicationsWireless communications

nn Remote computingRemote computing

nn 33--D visualization D visualization 





The 3D model provides visual queues for the
location of key fiducial points necessary for

component location and orientation acquisition.



Part 
Locator 
Routine 
(JAVA)

Project 
Information 
Management 

System 
(JAVA)

Object-
Oriented 
Database 
(JAVA)

Belt-Wearable PC

ArcSecond 
Spatial 

Tracking 
Wand

Bar code 
reader

Web 
Browser

ArcSecond 
Point 

Grabber 
(C++)

Network (CORBA)

HTML

CGI (LiveView)

Web Server

WIRELESSWIRELESS

compTRAK
2001 System 

Architecture for 
Steel Tracking

Dr. K. Reed, R. Lipman, A. Besier

D. Latimer, M. Kincaid

K. Furlani, L. Mortenson

fiber/wire
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3: The Robots are Coming…3: The Robots are Coming…



JOBSITE JOBSITE 
WIRELESS WIRELESS 

DATA DATA 
UPLINK UPLINK 
PACKET PACKET 

STANDARDSTANDARD

Jobsite Machines & Metrology SystemsJobsite Machines & Metrology Systems

NIST “Smart Pod” RealNIST “Smart Pod” Real--time time 
Generic Machinery Reference PlatformGeneric Machinery Reference Platform

HIGHHIGH
SPEEDSPEED
DATADATA
LINKLINK
(ATM)(ATM)

Construction Management SimulatorConstruction Management Simulator

Construction Machine Tracking Construction Machine Tracking 
SystemSystem

DynamicDynamic
DataData--
BaseBase



Early Success: Tele-op Control with Augmented Simulation 3D 
Interface



Applied new laser-sensors for 3D 
robot pose estimation

Developed new software 
controller

NIST Automated Steel Construction Project 
FY02 Major Accomplishments

Demonstrated
AUTONOMOUS 6-DOF
Beam Pick-and-placeDeveloped new 

visualization 
tools



CONTROLLER
Tele-op. UI

Pose 
Estimator

Path 
Planner

Sensor 
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World 
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User 
Interface

Site Measurement System 
(SMS)

Tetra-based 
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Laser-based 
3D Digitizer

Barcode 
Scanner

RFID

Input Command 
Buffer

Trajectory 
Planner

Output 
Command Buffer

Kinematic
Model

Pose 
Estimator

PID 
Controller

Servo 
Amps.

MotorsEncoders

ASCT Planner Tetra Controller

Robot

Control 
Panel

Spaceball

2002
1992

National Institute of Standards and Technology
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LADAR-machine vision fusion for 
auto-docking trajectory generation

Crane accesses 4D site 
database for sequencing and 
approximate “seed” target 
location;  final placement 
control is via real-time sensor 
lock.



National Institute of Standards and Technology

HMMWV
XUV

Solving the Auto- placement Problem: 
learning from Autonomous Mobility
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Real-time Road following

Edged-based Region-based

Machine Vision Based Guidance: Presently limited to 
effective use on quasi-2D problems.  Solution: fuse with 

real-time LADAR data



National Institute of Standards and Technology Courtesy Riegl USA and Lincoln Labs

Present Real-time State-of-Art for polygon scanning LADARs (10 Hz x 128 x 32 pixel)

Present Real-time State-of-Art for FPA LADARs (30 Hz+ x 32 x 32 pixel)







Remote data processing agents, archival systems, aggregators & 
middleware applications

Diagnostic Sensors

Kinematic 
State Sensors

GPS Position

GPS Attitude SensorView Protocol

Project management, O&M notifications, billable quantity takeoffs,     
tele-op control interface, as-builts, database

LiveView Protocol

Large-Scale CMM LADAR Augmented Sims: 3DVRML


